It is well accepted that the aortic plexus is a network of pre-and post-ganglionic nerves overlying the abdominal aorta, which is primarily involved with the sympathetic innervation to the mesenteric, pelvic and urogenital organs. Because a comprehensive anatomical description of the aortic plexus and its connections with adjacent plexuses are lacking, these delicate structures are prone to unintended damage during abdominal surgeries. Through dissection of fresh, frozen human cadavers (n = 7), the present study aimed to provide the first complete mapping of the nerves and ganglia of the aortic plexus in males. Using standard histochemical procedures, ganglia of the aortic plexus were verified through microscopic analysis using haematoxylin & eosin (H&E) and anti-tyrosine hydroxylase stains. All specimens exhibited four distinct sympathetic ganglia within the aortic plexus: the right and left spermatic ganglia, the inferior mesenteric ganglion and one previously unidentified ganglion, which has been named the prehypogastric ganglion by the authors. The spermatic ganglia were consistently supplied by the L1 lumbar splanchnic nerves and the inferior mesenteric ganglion and the newly characterized prehypogastric ganglion were supplied by the left and right L2 lumbar splanchnic nerves, respectively. Additionally, our examination revealed the aortic plexus does have potential for variation, primarily in the possibility of exhibiting accessory splanchnic nerves. Clinically, our results could have significant implications for preserving fertility in men as well as sympathetic function to the hindgut and pelvis during retroperitoneal surgeries.
Introduction
As part of the autonomic nervous system, the sympathetic chains are a pair of bilaterally symmetrical trunks of segmental ganglia located lateral to the vertebral column which receive preganglionic neurons from the thoracolumbar segments of the spinal cord [thoracic (T) 1 -lumbar (L) 2] (Dwight et al. 1930; Gray, 2010; Mirilas & Skandalakis, 2010) . Myelinated axons from the intermediate horn of the thoracolumbar spinal cord generally penetrate the sympathetic chain and synapse with the constituent ganglion cells (Sadler, 2010) . However, some of these preganglionic axons continue beyond the sympathetic chain as splanchnic nerves, and ultimately synapse within preaortic (prevertebral/collateral) ganglia located in plexuses overlying the visceral branches of the aorta (Hollinshead, 1974) . Emerging from the thoracic region, the greater, lesser and least splanchnic nerves synapse within the coeliac, superior mesenteric and aorticorenal ganglia before supplying the abdominal organs except the hindgut (Loukas et al. 2010) . Sympathetic innervation of the hindgut and pelvic viscera occurs via the lumbar splanchnic nerves which synapse in the aortic plexus -the network of autonomic nerves overlying the abdominal aorta between the superior mesenteric artery and the bifurcation of the common iliac arteries (Dwight et al. 1930; Spalteholz & Spanner, 1967; Gray, 2010) .
It is generally accepted that the lumbar splanchnic nerves synapse within various preaortic ganglia (e.g. infe-rior mesenteric; right and left spermatic) (Baron et al. 1985; J€ anig & McLachlan, 1987; Rusu, 2009; Gray, 2010; Motoc et al. 2010) ; however, it remains unclear how many lumbar splanchnic nerves actually supply the aortic plexus. For example, although it is commonly suggested that four pairs of lumbar splanchnic nerves exist, the number said to supply the aortic plexus varies in the literature from two to four pairs (Spalteholz & Spanner, 1967; Hollinshead, 1974; Mirilas & Skandalakis, 2010; Netter, 2011) . More specifically, some reports suggest that the first lumbar splanchnic nerve does not contribute to the aortic plexus directly but rather connects to the superior mesenteric ganglion (Netter, 2011) and/or the coeliac ganglion (Rusu, 2009; Mirilas & Skandalakis, 2010) . In contrast, other studies have reported that the first lumbar splanchnic nerve does indeed supply the aortic plexus (Rusu, 2009 ) and targets the spermatic ganglia (Motoc et al. 2010) .
Given these conflicting reports regarding the splanchnic nerves, it is perhaps not surprising that the currently available anatomical descriptions and illustrations of the aortic plexus can appear inconsistent and/or incomplete. Additional confusion can arise when one considers both the written (Moore et al. 2014) and illustrative (O'Rahilly, 1986) suggestions that minor, unnamed ganglia may exist within the aortic plexus. For example, a textbook illustration of the prevertebral ganglia shows an unlabelled 'swelling' within the aortic plexus that is drawn distinctly, yet at the same level as the inferior mesenteric ganglion (O'Rahilly, 1986; reprinted in Mirilas & Skandalakis, 2010) .
To address the apparent inconsistencies in the splanchnic nerve supply to the aortic plexus as well as the incomplete description of its constituent ganglia, we endeavoured to complete the first comprehensive mapping of the aortic plexus and its connections with adjacent plexuses in males. This was achieved through meticulous dissection of fresh, frozen human cadavers. Standard histological techniques and microscopy were then used to confirm the identification of sympathetic ganglionic tissue collected during dissection.
Materials and methods
The anatomy of the aortic plexus was investigated in seven fresh, frozen male human cadavers [mean age at death = 75.4 years (range 53-97)]. Specimens were obtained with permission from the body bequeathal program at Western University, London ON, Canada, in accordance with the Anatomy Act of Ontario and Western's Committee for Cadaveric Use in Research. Specimens with history or evidence of previous retroperitoneal surgery were excluded from the study population. One specimen showed evidence of a small infrarenal abdominal aortic aneurysm (<3 cm) and another specimen suffered from neurofibromatosis -neither of which appeared to disrupt the normal anatomy of the aortic plexus, and these specimens were thus included in the study population.
Dissection
A superficial midline incision was made from the xiphoid process to the pubic symphysis, arcing left of the umbilicus. An incision was made through the linea alba and the anterior wall of the peritoneal sac, exposing the peritoneal cavity. A horizontal incision at the level of the umbilicus was made from the right to the left midaxillary line to divide the anterior body wall into four segments. An oblique incision along the root of the mesentery was made from the suspensory muscle of the duodenum towards the cecum. The ascending and descending colon were mobilized by incising the right and left paracolic gutters, and the sigmoid colon was detached from the rectum. The intestines, pancreas and remaining posterior parietal peritoneum were then reflected superiorly to expose the infrarenal retroperitoneum. Care was made to landmark the left renal vein, ureters, inferior mesenteric vessels and gonadal vessels. Dissection of the aortic plexus was completed by first identifying the right lumbar splanchnic nerves within the interaortocaval fat. The right lumbar splanchnic nerves were followed posteriorly to locate the right sympathetic chain and anteriorly to isolate preaortic nerves of the aortic plexus. Then, dissection of the left sympathetic chain, and left lumbar splanchnic nerves provided the foundation to elucidate any undissected preaortic nerves. Care was taken to properly distinguish intermesenteric nerves of the aortic plexus, classically defined as nerves coursing posterior to the left renal vein (J€ anig & McLachlan, 1987) , from those which coursed anterior to the left renal vein within the mesenteric plexus, which we differentially classified as intraperitoneal branches of the mesenteric plexuses. The present study did not investigate the anatomy of the intraperitoneal branches of the mesenteric plexuses nor the potential parasympathetic contributions to the aortic plexus.
The position of all ganglia and nerves relative to the infrarenal aortic branches were documented in writing and with photography. Photographs were taken using a Nikon D7000 DSLR camera with a Sigma 18-200 mm, f/3.5-6.3 lens or Nikon Macro 105 mm, f/ 2.8 lens. Higher magnification photographs were taken using a surgical microscope with an OMAX 3.2MP mounted camera. In a subset of specimens, the tissues identified as ganglia of the aortic plexus were excised for histological and immunohistochemical analysis and verification.
Histology
To verify the macroscopic identification of ganglia during gross dissection, histological techniques were used to determine whether the identified structures contained neuron cell bodies. Ganglia removed during dissection were immediately fixed in 10% formalin solution for a minimum of 24 h before paraffin-embedding. Specimens were sectioned at 5 lm thicknesses using a Microm HM-325 Microtome, and placed on Surgipath X-tra Precleaned Micro Slides (Leica Microsystems). A Zeiss A1 light microscope was used to examine the specimens. Calibrated and scaled photomicrographs were taken using a Zeiss AxioCam MRc microscope-mounted camera and processed using AXIOVISION LE software. sympathetic ganglia: neurons with eccentrically placed nuclei and prominent nucleoli containing abundant cytoplasmic lipofuscin surrounded by circumferential, yet irregularly arranged satellite cells amongst elongated Schwann cell nuclei (Ovalle & Nahirney, 2008; Young et al. 2014) . To determine consistencies in the microscopic structures, slides were additionally compared against a positive control (i.e. the sympathetic chain ganglion, which was positive for neuron cell bodies) and a negative control (i.e. the sciatic nerve, which contains sympathetic axons but is void of neuron cell bodies).
Anti-tyrosine hydroxylase staining
A previously unidentified ganglion, which we called the prehypogastric ganglion (discussed in detail below), was identified in addition to the three known ganglia of the aortic plexus. To further characterize whether this ganglion contained sympathetic neurons, immunohistochemistry was performed using an antityrosine hydroxylase antibody (anti-TH) (Sigma, monoclonal antityrosine hydroxylase clone TH-2, mouse IgG1 isotype, Prod. No. T 1299). Tyrosine hydroxylase is an enzyme involved in catecholamine synthesis, and its presence has been used in previous studies to characterize neurons as sympathetic in nature (Amino et al. 2005; Motoc et al. 2010 ).
Immunohistochemical sections were heated to 37°C for a minimum of 12 h, and then stained using standard immunohistochemical procedures (Kiernan, 1990; Dako, 2013) . Antigen retrieval was performed in citrate buffer pH 6.0, in a de-cloaking chamber before blocking (Dako, 2013) . Slides were incubated for 1 h with 0.5 lL mL Vector Laboratories, 2010 , 2013 . Haematoxylin was used as the counterstain (Dako, 2013) .
Serial sections of matched specimens were used as negative controls and followed identical procedures, except for the application of the primary antibody, anti-TH. A side-by-side comparison of the tissue with its negative control was completed to determine truepositive anti-TH staining relative to non-specific background noise (false-positive staining). Positive controls (positive for sympathetic neuron cell bodies) for the immunohistochemical experiments were completed on cadaver-matched lumbar sympathetic chain or inferior mesenteric ganglia. The positive controls served two purposes. First, positive staining of these tissues confirmed a successful experiment. Secondly, having positive controls from each specimen provided an indicator of antigen preservation post-mortem. Preliminary experiments revealed that specimens dissected more than 2 months post-mortem had poor antigen preservation as indicated by the negative staining, positive control tissue. Because of this result, only specimens dissected within 2 months post-mortem were included in the immunohistochemical analysis.
Results
The aortic plexus consisted of a symmetrically organized network of nerves overlying the aorta between the left renal vein and the bifurcation of the common iliac arteries. Proximal nerves were referred to as nerves 'supplying' the plexus, and distal nerves as 'branches'. The nomenclature for the lumbar sympathetic chain ganglia was in accordance with the system described by O'Rahilly (1986) , in which the lumbar sympathetic chain ganglia are named based on their rami communicantes. Specifically, the first lumbar (L1) sympathetic chain ganglion is identified by its rami communicantes to the T12 and L1 spinal nerves, and the second lumbar (L2) sympathetic chain ganglion is connected to the L1 and L2 spinal nerves.
The aortic plexus was always supplied by the lumbar sympathetic chains via lumbar splanchnic nerves (LSN), and in the majority of subjects, intermesenteric nerves from the aorticorenal and superior mesenteric ganglia were also found to supply the aortic plexus superiorly. The results of the dissections and histological analysis are summarized comprehensively in Fig. 1 . The aortic plexus was bilaterally symmetrical in that it comprised a left and right cord, supplied by the L1 and L2 LSN, and had consistent projections to the inferior mesenteric plexus overlying the inferior mesenteric artery, the superior hypogastric plexus descending into the pelvis, as well as the spermatic plexus overlying the testicular arteries (Fig. 2) . The right and left cords of the aortic plexus were defined as the longitudinal collection of nerves lying just lateral to the midline of the aorta (Dwight et al. 1930) , which extended from just inferior to the left renal vein, towards the inferior mesenteric plexus and superior hypogastric plexus, where they converged.
Ganglia of the aortic plexus were visually differentiated from typical nerves by the presence of a dark spot within the nervous tissue. Given that microscopic analysis revealed a high concentration of neuron cell bodies in this dark region, we suggest the colour differentiation seen during gross dissection may be analogous and conceptually similar to grey matter (unmyelinated neuron cell bodies) visible in the central nervous system.
Dissections
Aortic plexus -left side Figure 3 depicts a typical view of the left side of the aortic plexus. In all specimens, the left cord was supplied by the left L1 and L2 LSN extending from the left L1 and L2 sympathetic chain ganglia, respectively. Accessory LSNs were not seen accompanying the left L1 LSN; however, they were commonly (observed in 6/7 specimens) associated with the left L2 LSN. Interestingly, two of these specimens exhibited a second accessory L2 LSN, bringing the total number of L2 LSNs to three. The L3 LSN did not travel anterior to the aorta or contribute to the aortic plexus. In the six specimens in which an L3 LSN was observed, it took a retroaortic course, supplying the superior hypogastric plexus directly. This retroaortic left L3 LSN travelled between the left common iliac artery and vein, and joined the posterior side of the superior hypogastric plexus at approximately the level of the sacral promontory.
The left L1 and L2 LSN directly supplied the left spermatic ganglion (LSG) and the inferior mesenteric ganglion (IMG), respectively. The IMG was found in all seven specimens lateral to the origin of the inferior mesenteric artery and was identified by its darker colour among the nerves of the inferior mesenteric plexus. It should be noted that in two specimens, an accessory IMG was found on the caval side of the inferior mesenteric plexus. The LSG was consistently found in close proximity to the left testicular artery. The LSG was identified in an equal number of specimens overlying the testicular artery as it was being positioned just inferior to it (3/7 for each). In the last specimen (1/7), the LSG was located superior to the left testicular artery. Motoc et al. (2010) described the LSG as being supplied by both the L1 splanchnic nerve and the intermesenteric branch from the aorticorenal/superior mesenteric ganglia, but we observed a lack of intermesenteric supply to the LSG in two specimens. Consistent with Motoc et al. (2010) , the LSG was always supplied by the left L1 LSN and was positively identified by its external branches to the spermatic plexus overlying the left testicular artery. The LSG also had an inferior branch that connected to the IMG, as well as intraperitoneal connections to the inferior mesenteric plexus, bypassing the IMG, in four specimens. Figure 3 also shows an example of intraperitoneal branches apparently travelling superior towards the hindgut, which are distinct from the intermesenteric nerves coming from the superior mesenteric ganglion to supply the spermatic ganglion. It should be noted that in this photograph, the intraperitoneal nerves are not in anatomical position, as the hindgut had been reflected onto the cadaver's precordium during dissection, thus pulling the intraperitoneal branches of the inferior mesenteric plexus superiorly and out of anatomical position.
Aortic plexus -right side The right side of the aortic plexus was found to have a similar organization to the left side (Fig. 4) . The right cord was supplied by the right L1 and L2 LSN. Accessory LSNs were seen accompanying the right L1 and L2 LSN in two specimens. Also similar to the left side, L3 LSNs were never observed supplying the aortic plexus. In fact, no right L3 Fig. 1 A comprehensive illustration which summarizes the results of the anatomical dissections and histological analyses. Nerves and ganglia coloured yellow were present in all dissections, whereas nerves coloured green were present in a subset of specimens. IMG, inferior mesenteric ganglion; LSG, left spermatic ganglion; LSN, lumbar splanchnic nerve; PHG, prehypogastric ganglion; RSG, right spermatic ganglion; SCG, sympathetic chain ganglion. LSNs were observed within the dissection limits of this study as they were presumably located inferior to the bifurcation of the common iliac arteries. The right L1 LSN consistently supplied the right spermatic ganglia (RSG). The RSG was positively identified by its characteristic branches to the spermatic plexus overlying the right testicular artery (Motoc et al. 2010) . The RSG was usually observed overlying the origin of the right testicular artery (4/7) but was alternatively found positioned both superior (2/7) and inferior (1/7) to the artery in other specimens. Similar to the LSG, the RSG was inconsistently supplied by the intermesenteric nerves from the aorticorenal and superior mesenteric ganglia; an intermesenteric supply to the RSG was observed in four specimens.
In addition to the external branches to the spermatic plexus, the RSG branched to the inferior mesenteric plexus (5/7 specimens) as well as inferiorly (termed the inferior branch of the RSG, as described by Motoc et al. 2010) towards the superior hypogastric plexus (7/7 of specimens). More specifically, the inferior branch of the RSG was observed to consistently supply a previously unnamed ganglion within the right cord of the aortic plexus before contributing to the superior hypogastric plexus. Because of the lack of association of this ganglion to an arterial branch of the aorta (as the other ganglia of the aortic plexus are classically named), we elected to name it the prehypogastric ganglion due to its major branch and relative position to the superior hypogastric plexus.
The prehypogastric ganglion was present in all seven specimens and was consistently located inferior to the RSG, between the aorta and inferior vena cava around the level of the inferior mesenteric artery. The specific position of the prehypogastric ganglion varied slightly between specimens; however, given it was not closely associated with arterial branches of the aorta like the other ganglia of the aortic plexus, precise positional differences were not determined. Due to the lack of a vascular landmark, the position of the prehypogastric ganglion was best determined by identifying the nerves connected distally and proximally to it, as described below. The prehypogastric ganglion typically had an elongated shape with a dark centre measuring between 1 and 6 mm in length. Superiorly, it was supplied by the inferior branch of the right spermatic ganglion, and posteriorly, it was supplied by the right L2 LSN coming from the right L2 sympathetic chain ganglion. The prehypogastric ganglion extended branches to the left, supplying the inferior mesenteric plexus, as well as directly inferior, to constitute the major nerve branch (and right-sided contribution) to the superior hypogastric plexus. These branches were observed in all seven specimens and no variations were seen. Figure 5 is a typical photograph of the prehypogastric ganglion in situ, demonstrating the darkened central portion of ganglionic tissue.
Histology
We consistently identified four distinct ganglia during the dissection of the aortic plexus. All ganglia from a subset of cadavers (n = 4) underwent microscopic analysis. This revealed tissue similar to the positive control, which exhibited neuronal cell bodies consistent with the typical descriptions of sympathetic ganglia found in the literature (Ovalle & Nahirney, 2008; Young et al. 2014) . Figure 6 illustrates the complete histological analysis of all four ganglia from one of the four specimens. This microscopic finding supports the dissection results, indicating that the aortic plexus consists of four distinct ganglia: the left and right spermatic ganglia, inferior mesenteric ganglion, and a prehypogastric ganglion. Fig. 4 An illustrative representation (A) and photograph (B) of a typical right cord of the aortic plexus. The inferior vena cava (IVC) has been removed during dissection to view the right sympathetic chain ganglia (SCG) and their connections to the right cord of the aortic plexus. This particular specimen exhibited an accessory L1 lumbar splanchnic nerve (aL1 LSN) in addition to the normal anatomy. IMA, inferior mesenteric artery; IMN, intermesenteric nerve; IMP, inferior mesenteric plexus; LSN, lumbar splanchnic nerve; PHG, prehypogastric ganglion; RSG, right spermatic ganglion; SHP, superior hypogastric plexus.
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Immunohistochemical analysis was completed on the prehypogastric ganglia to verify it as a sympathetic ganglion of the aortic plexus. Only prehypogastric ganglia from cadavers dissected within 2 months post-mortem were included during the immunohistochemical analysis. Cadavers dissected later than 2 months post-mortem were excluded because positive controls from these specimens returned false-negative results due to poor antigen preservation post-mortem. It appears that autolysis of the tissues and destruction of the antigen had occurred in these specimens, perhaps due to multiple thaw-refreeze cycles prior to dissection. Thus, three of the seven specimens were included in the immunohistochemical characterization of the prehypogastric ganglion. In all three specimens, the prehypogastric ganglion was found to be immunopositive for tyrosine hydroxylase, indicating the neurons were catecholaminergic and thus sympathetic in nature (Amino et al. 2005; Motoc et al. 2010) . The results of microscopic analysis of the prehypogastric ganglion are shown in Fig. 7 .
Discussion
The present study has provided the first complete gross anatomical and microscopic description of the aortic plexus in fresh, frozen male cadavers. The aortic plexus was supplied by the L1 and L2 splanchnic nerves and intermesenteric nerves from the aorticorenal/superior mesenteric ganglia, and made significant contributions to the inferior mesenteric plexus, spermatic plexuses and superior hypogastric plexus. Moreover, the aortic plexus was organized into two longitudinal cords, which coursed in parallel until they converged to continue into the pelvis as the superior hypogastric plexus. In all specimens, four distinct ganglia were identified that were located within the two cords, near the intersection of the lumbar splanchnic nerves. Within the left cord, the left spermatic ganglion and the well-described inferior mesenteric ganglion were observed. Located within the right cord were the right spermatic ganglion and a previously unnamed ganglion, which we have called the prehypogastric ganglion.
The prehypogastric ganglion, supplied by the right L2 lumbar splanchnic nerve, was consistently observed to reside in the inferior portion of the right cord, at a similar level to the inferior mesenteric ganglion. To our knowledge, this structure has never been discussed in the literature or labelled in any previous diagrams of the aortic plexus. That said, it is possible that the prehypogastric ganglion is depicted as an unnamed 'swelling' in an illustration of the aortic plexus found in a textbook by O'Rahilly (1986) . However, it is difficult to be certain whether this 'swelling' depicts the prehypogastric ganglion because several aspects of this drawing fail to match key anatomical features of the aortic plexus found in the present study and described in the literature (e.g. presence of the left-and right spermatic ganglia, and left-sided lumbar splanchnic nerves supplying the aortic plexus) (Dwight et al. 1930; Motoc et al. 2010) . Ultimately, the present study has provided the first characterization of this ganglion by way of both photographic documentation (Fig. 4) and histological verification of its sympathetic nature (Fig. 7) .
Before deciding on the nomenclature for the prehypogastric ganglion (see Results section Dissections, Aortic PlexusRight Side), we first considered the possibility that it was a secondary (accessory) inferior mesenteric ganglion, as this would be akin to the anatomy of the coeliac ganglia (Dwight et al. 1930; O'Rahilly, 1986; Drake et al. 2010) . Anatomical textbooks have characterized the inferior mesenteric ganglion as a structure residing distal to the origin of the inferior mesenteric artery, which is embedded within the nerves of the inferior mesenteric plexus itself, and provides an important relay for nerves travelling along the inferior mesenteric artery to supply the hindgut (Dwight et al. 1930; O'Rahilly, 1986) . In contrast to this description, the prehypogastric ganglion (i) was not closely associated with the origin of the inferior mesenteric artery, (ii) was dis- tinct from the dense inferior mesenteric plexus extending along the inferior mesenteric artery to supply the hindgut, and (iii) instead resided on the right side of the aorta with seemingly more significant contributions extending towards the superior hypogastric plexus to the pelvis. Furthermore, in two specimens, we observed and histologically verified the presence of a secondary (accessory) inferior mesenteric ganglion embedded in the caval aspect of the inferior mesenteric plexus that was in addition to the distinct prehypogastric ganglion -findings which further support our contention that the prehypogastric ganglion should not be categorized as a secondary inferior mesenteric ganglion.
In acknowledging the prehypogastric ganglion as a distinct structure of the aortic plexus, it is reasonable to suggest that it may be the right-sided developmental equivalent of the inferior mesenteric ganglion. In support of this suggestion, both the inferior mesenteric ganglion 5A 5B 5C Fig. 7 Histological staining of the prehypogastric ganglion collected from five specimens (1-5). Column A represents haematoxylin-eosin (H&E) staining. Column B represents staining with anti-tyrosine hydroxylase antibody (anti-TH). Column C is the negative control for Column B which 'followed identical immunohistochemical procedures, except for the application of the primary antibody, anti-TH.
(left-sided) and the prehypogastric ganglion (right-sided) are supplied by the respective inferior spermatic branches of the spermatic ganglia as well as the L2 lumbar splanchnic nerves (Figs 1 and 2) . Furthermore, histological analysis confirmed that the prehypogastric ganglion, like the inferior mesenteric ganglion, is sympathetic in nature, as shown by positive anti-TH staining (Fig. 7) , and has comparable microscopic structure (Fig. 6) . Finally, both ganglia seem to contribute to the inferior mesenteric plexus and the superior hypogastric plexus (Figs 3 and 4) , further supporting the suggestion that these two ganglia are bilateral, embryologic equivalents of each other. As schematized in Fig. 2 , the overall neural organization of the aortic plexus seems to exhibit bilateral symmetry in its organization of ganglia and nerves; findings which are contrary to its classical characterization as a highly convoluted network of nerves. The idea of bilateral symmetry is consistent with our current knowledge of the preganglionic peripheral sympathetic system as a whole. Examples of such symmetry include the presence of bilateral sympathetic chains extending from the cranium to the ganglion impar at the base of the sacrum, as well as the presence of symmetrically paired splanchnic nerves and their respective ganglia throughout the thoracolumbar region. It is hypothesized the symmetrical organization of the peripheral sympathetic system is largely influenced by a bilateral migration of neuroblast cells from the neural crest after the 5th week of development (Sadler, 2010; Takahashi et al. 2013) .
It is worth noting that there are likely significant clinical implications in failing to appreciate that the aortic plexus is derived of bilaterally symmetrical cords, and that significant nerves, as well as the newly characterized prehypogastric ganglion, exist within the right cord on the caval side of the aorta. In fact, an incomplete understanding of the organization of the aortic plexus and its extensions into the pelvis may have predisposed these fine structures to the unintended damage during abdominal surgeries, such as retroperitoneal lymph node dissections for testicular cancer (Jewett & Groll, 2007; Heidenreich & Pfister, 2012; Hsiao et al. 2012) , anterior approach lumbar fusion surgeries (Lu et al. 2009 ) and abdominal aortic aneurysm replacements (Veroux et al. 2010 ). This unintended trauma could have widespread complications as the sympathetic nerves within the aortic plexus ultimately serve the spermatic plexus to the male gonads (Motoc et al. 2010) , the inferior mesenteric plexus to the hindgut, and the superior hypogastric plexus to the pelvic urogenital viscera (J€ anig & McLachlan, 1987; Giuliano & Cl ement, 2005) . Given the apparent contribution of the prehypogastric ganglion to the superior hypogastric plexus (Figs 1 and 4) , and potential risk of damage due to its position distinct from any aortic branches, we hypothesize that this ganglion may be a significant structure in the neural path resulting in anejaculation if damaged (J€ anig & McLachlan, 1987; Giuliano & Cl ement, 2005; Heidenreich & Pfister, 2012; Hsiao et al. 2012; Wein et al. 2012) .
In summary, through dissection of fresh, frozen human cadavers, the present study has provided the first complete mapping of the nerves and ganglia of the aortic plexus. All specimens exhibited a bilaterally symmetrical arrangement of four distinct sympathetic ganglia within the aortic plexus: the right and left spermatic ganglia, the inferior mesenteric ganglion and one previously unidentified ganglion, which has been named the prehypogastric ganglion. Because our examination revealed the aortic plexus has the potential for variation, primarily in the possibility of exhibiting accessory splanchnic nerves, a follow-up study with a larger sample size should be completed to determine accurately the extent of its variability. Furthermore, future directions of this research should also include a comprehensive functional investigation of each nerve of the plexus, with descriptions of the spinal contributions and visceral supply. Clinically, this information may help identify the nerves of the aortic plexus responsible for significant post-operative morbidities, such as anejaculation, following retroperitoneal surgeries.
